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Abstract
This paper analyzes the ‘Silicon Valley model’ as a novel economic institution in the
domain of technological product system innovation such as computers. We focus on the
information structural relationship as well as governance relationships between venture
capitalists and a cluster of entrepreneurial firms. The informational conditions under which
the Silicon Valley model is efficient are identified, leading to understanding the
significance of standardization of interfaces, modularization and information
encapsulation. We then examine the governance/incentive aspect of the model by
integrating the models by Aoki, and Baldwin and Clark to give comparative statics results
regarding the optimal number of entrepreneurial firms competing in the same component
product. The analyses enable us to evaluate the applicability of the model beyond specific
localities and industries.
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Lq wkh diwhupdwk ri wkh vr0fdoohg grw1frp exeeoh dqg fudvk/ suhylrxv hqwkxvldvp iru wkh
Vlolfrq Ydooh| skhqrphqd vhhpv wr kdyh idghg dzd|1 Wkh idfw vwloo uhpdlqv wr eh hoxfl0
gdwhg/ krzhyhu/ wkdw Vlolfrq Ydooh| kdv ehhq vxffhvvixo lq eulqjlqj vr pdq| rxwvwdqglqj
hqwuhsuhqhxuldo upv lqwr wkh zruog1 Zkdw phfkdqlvp pdgh Vlolfrq Ydooh| d pdmru guly0
lqj irufh iru surgxfw v|vwhp lqqrydwlrq/ hvshfldoo| lq wkh frpsxwhu lqgxvwu|B Fdq lw eh
wudqvsodqwhg lqwr d zlgh ydulhw| ri orfdo dqg lqgxvwuldo grpdlqv eh|rqg Vlolfrq Ydooh|B
Wkh sxusrvh ri wklv sdshu lv wr dqdo|}h vxfk Vlolfrq Ydooh| skhqrphqd dv d qryho hfrqrplf
lqvwlwxwlrq lq wkh grpdlq ri whfkqrorjlfdo surgxfw v|vwhp lqqrydwlrq1
Wkh prvw frqvslfxrxv h{dpsoh ri wkh Vlolfrq Ydooh| skhqrphqd fdq eh irxqg lq wkh
frpsxwhu lqgxvwu|1 Dv lv grfxphqwhg e| Edogzlq dqg Fodun +5333,/ wkh frpsxwhu lq0
gxvwu| zdv yluwxdoo| d prqrsro| pdunhw grplqdwhg e| LEP iru d orqj wlph xqwlo 4<:31
Krzhyhu/ d exqfk ri hqwuhsuhqhxuldo upv/ prvwo| vpdoo dqg ixqghg e| yhqwxuh fdslwdo0
lvwv/ kdyh ehhq vhw xs vlqfh 4<:3*v dqg ehhq yhu| djloh lq U)G dfwlylwlhv1 Wkh dssduhqw
ihdwxuh frpprq wr wkhvh hqwuhsuhqhxuldo upv lv wkdw wkh| xvxdoo| ghyhors dqg surgxfh
prgxodu sduwv ri d surgxfw v|vwhp/ udwkhu wkdq frpshwh zlwk LEP e| surgxflqj d vwdqg0
dorqh surgxfw v|vwhp1 Pdq| qhz vxe0lqgxvwulhv kdyh ehhq wkxv iruphg zlwklq wkh grpdlq
ri wkh wudglwlrqdo frpsxwhu lqgxvwu|/ dqg d ydulhw| ri U)G dfwlylwlhv wudglwlrqdoo| frq0
gxfwhg zlwklq LEP duh qrz frqgxfwhg lqghshqghqwo| rxwvlgh1 Wklv surfhvv kdv gudvwlfdoo|
fkdqjhg wkh odqgvfdsh ri wkh frpsxwhu lqgxvwu|1 D qhz surgxfw v|vwhp lv qrz hyrox0
wlrqdulo| iruphg e| vhohfwlqj dqg frpelqlqj h{ srvw qhz prgxodu surgxfwv ghyhorshg
e| hqwuhsuhqhxuldo upv1 Lq wklv vhqvh/ zh pd| vd| wkdw d qryho dqg xqltxh hfrqrplf
lqvwlwxwlrq kdv hphujhg lq wkh grpdlq ri surgxfw v|vwhp lqqrydwlrq1 Zh zloo khqfhiruwk
fdoo vxfk d v|vwhp ri surgxfw v|vwhp lqqrydwlrq wkh Vlolfrq Ydooh| Prgho +Drnl 5334,1
Dw uvw vljkw/ lw pljkw dsshdu wkdw wkh surshuw| uljkwv wkhru|/ dv ghyhorshg e| Jurvv0
pdq dqg Kduw +4<;9, dqg Kduw dqg Prruh +4<<3,/ fdq eh dssolhg wr h{sodlq zk| U)G
dfwlylwlhv suhylrxvo| frqgxfwhg zlwklq vhfwlrqv ri dq hvwdeolvkhg lqwhjudwhg up kdyh frph
wr eh frqgxfwhg lqghshqghqwo| e| vpdoo hqwuhsuhqhxuldo upv1 Krzhyhu/ lw lv qrw hdv| iru
6wklv dssurdfk wr h{sodlq wkh xqltxh pdqqhu ri surfhvvlqj lqirupdwlrq/ zklfk lv suhyd0
ohqwo| revhuyhg lq Vlolfrq Ydooh|1 Lqghhg/ dv Vd{hqldq +4<<7, srlqwv rxw/ lq Vlolfrq Ydooh|
wkhuh lv d vxevwdqwldo ghjuhh ri lqirupdwlrq vkdulqj dfurvv frpshwlqj hqwuhsuhqhxuldo upv
rq wkh rqh kdqg/ dqg lqirupdwlrq klglqj +hqfdsvxodwlrq, rq wkh rwkhu1 Xqghuvwdqglqj
wkhvh rvwhqvleo| frqwudglfwru| skhqrphqd lv wkh nh| wr xqghuvwdqglqj wkh Vlolfrq Ydooh|
prgho1
￿
Edogzlq dqg Fodun +5333, lv dq dwwhpsw wr xqghuvwdqg wkh Vlolfrq Ydooh| prgho e|
irfxvlqj rq krz lqirupdwlrq lv surfhvvhg lq wkh ghvljq ri d surgxfw v|vwhp1 Wkh| vxeplw
wkdw wkh prgxodu ghvljq ri frpsoh{ v|vwhp olnh d frpsxwhu lv wkh nh| frqfhsw iru
xqghuvwdqglqj wkh hphujhqfh ri d odujh prgxodu foxvwhu ri upv dqg pdunhwv lq wkh
frpsxwhu lqgxvwu|1 Zkloh wkhlu h{sodqdwlrq ri wkh srzhu ri prgxodulw| lv shuvxdvlyh/ wkh|
gr qrw h{solflwo| dqdo|}h wkh lqfhqwlyh dvshfwv ri wkh Vlolfrq Ydooh| prgho1 Zh vxeplw wkdw
lw lv qrw vx!flhqw wr dqdo|}h wkh Vlolfrq Ydooh| prgho rqo| iurp wkh lqirupdwlrq v|vwhplf
dvshfwv/ ru rqo| iurp wkh jryhuqdqfh dvshfwv1 Zh h{whqg wkhlu prgho ri vxevwlwxwlrq
rshudwru e| h{solflwo| frqvlghulqj wkh lqfhqwlyh ri hdfk hqwuhsuhqhxu1
Wkh Vlolfrq Ydooh| skhqrphqd frqwdlq pxowlidfhwhg lqwhudfwlrq ehwzhhq d foxvwhu ri
hqwuhsuhqhxuldo vwduw0xs upv rq wkh rqh kdqg/ dqg yhqwxuh fdslwdolvwv +dv zhoo dv ohdglqj
upv lq uhvshfwlyh qlfkh pdunhwv, rq wkh rwkhu1 Lq rughu wr surshuo| fdswxuh wkh hvvhqwldo
qdwxuh ri wklv prgho/ lw lv qhfhvvdu| wr lghqwli| xqltxh urohv sod|hg e| wkrvh dfwruv1 Vhfwlrq
5 rhuv rxu prgholqj edfnjurxqg e| ghvfulelqj vw|ol}hg idfwv derxw wkhlu uhodwlrqvklsv1 Zh
vxeplw wkdw wkdw lw lv qrw vx!flhqw wr orrn rqo| dw wkh surshuw| uljkw uhodwlrqvkls ehwzhhq
d yhqwxuh fdslwdolvw dqg d vlqjoh hqwuhsuhqhxuldo up/ dqg wkdw wkh yhqwxuh fdslwdolvwv
xvxdoo| kdyh gxdo urohv lq wkhlu uhodwlrqvkls zlwk hqwuhsuhqhxuldo upv> wkh uroh dv d
phgldwru ri lqirupdwlrq dqg wkh uroh ri vwuxfwxulqj jryhuqdqfh1 Lq Vhfwlrq 6/ zh ghyhors
d whdp0wkhruhwlf prgho wkdw lv phdqw wr fdswxuh wkh lqirupdwlrq0surfhvvlqj dfwlylwlhv
ri yhqwxuh fdslwdolvwv dqg hqwuhsuhqhxuldo upv lq wkh frxuvh ri U)G dfwlylwlhv/ dqg wkxv
h{dplqh wkh vljqlfdqfh ri vwdqgdugl}dwlrq ri lqwhuidfhv/ prgxodul}dwlrq/ dqg lqirupdwlrq
hqfdsvxodwlrq iru wkh Vlolfrq Ydooh| prgho1 Vhfwlrq 7 irupxodwhv wkh uhodwlrqvkls ehwzhhq
7d yhqwxuh fdslwdolvw dqg hqwuhsuhqhxuldo upv dv YF wrxuqdphqw jdph dqg dqdo|}h
wkh jryhuqdqfh uroh sod|hg e| yhqwxuh fdslwdolvwv1 Zh h{whqg wkh prgho lq Drnl +5334,
e| hqgrjhql}lqj wkh qxpehu ri hqwuhsuhqhxuldo upv frpshwlqj lq wkh vdph frpsrqhqw
surgxfw1 Lw fdq dovr eh uhjdughg dv d qdwxudo h{whqvlrq ri wkh prgho ri Edogzlq dqg
Fodun +5333,/ lq zklfk wkh ghyhorsphqwdo hruw ohyho e| hdfk hqwuhsuhqhxuldo up lv
dq h{rjhqrxv yduldeoh1 E| wklv lqwhjudwhg prgho/ zh vkrz krz wkh hhfwlyhqhvv ri wkhlu
srzhuixo vxevwlwxwlrq rshudwru lv olplwhg e| lqfhqwlyh frqvlghudwlrq1 Vhfwlrq 8 frqfoxghv
wkh sdshu e| hydoxdwlqj wkh dssolfdelolw| ri wkh Vlolfrq Ydooh| prgho eh|rqg vshflf
orfdolwlhv dqg lqgxvwulhv1
5 Vw|ol}hg Idfwv dv Prgholqj Edfnjurxqgv
Iurp d sxuho| qdqfldo ylhzsrlqw/ yhqwxuh fdslwdo ixqgv lv dq lqwhuphgldu| wkdw vhuyhv
wr lqwhuphgldwh lq wkh vxsso| ri d odujh vxp ri lqyhvwphqw ixqgv iurp rwkhu qdqfldo
lqwhuphgldulhv1 Lq ohjdo whupv/ wkh yhqwxuh fdslwdo surfhvv lv xqltxh lq wkdw lw lv d v|vwhp
ri sduwqhuvkls/ lq zklfk wkhuh duh wzr fodvvhv ri sduwqhuv> jhqhudo dqg olplwhg1 Wkh
jhqhudo sduwqhuv/ dfwlqj dv rujdql}huv ri wkh ixqg/ dffhsw ixoo shuvrqdo uhvsrqvlelolw| dqg
ohjdo oldelolw| iru ixqg pdqdjhphqw/ zkloh wkh olplwhg sduwqhuv vxsso| prvw ri wkh fdslwdo/
exw duh qrw lqyroyhg lq wkh pdqdjhphqw dqg lqyhvwphqw ghflvlrqv ri yhqwxuh fdslwdo ixqgv/
zklfk doorzv wkhp wr hqmr| olplwhg oldelolw| vwdwxv dv zhoo dv wkh dgydqwdjh ri dyrlglqj
grxeoh wd{dwlrq1 Ixqgv duh xvxdoo| pdlqwdlqhg rqo| iru d {hg shulrg ri wlph1 Krzhyhu/
lq pdq| fdvhv/ pdqdjhphqw frpsdqlhv duh iruphg dqg uxq e| jhqhudo sduwqhuv wr surylgh
pdqdjhphqw frqwlqxlw|1 Lq wklv sdshu/ zh gr qrw h{solflwo| glhuhqwldwh ehwzhhq yhqwxuh
fdslwdo ixqgv dqg yhqwxuh fdslwdo frpsdqlhv dqg uhihu wrerwk vlpso| dv yhqwxuh fdslwdolvwv1
Yhqwxuh fdslwdolvwv vhhn surplvlqj lqyhvwphqw surmhfwv/ zkloh srwhqwldo hqwuhsuhqhxuv
zlwk sodqqhg surmhfwv exw lqvx!flhqw ixqgv vhhn yhqwxuh fdslwdo qdqflqj1 Wkhuh duh
pruh wkdq 533 yhqwxuh fdslwdo frpsdqlhv lq Vlolfrq Ydooh|/ dqg h{shulhqfhg yhqwxuh fds0
lwdolvwv duh vdlg wr uhfhlyh ryhu 4/333 dssolfdwlrq shu |hdu1 Vxssrvh wkdw d surplvlqj
pdwfk lv irxqg1 Xqohvv wkh uhsxwdwlrq ri dq hqwuhsuhqhxu lv douhdg| nqrzq wr yhqwxuh
8fdslwdolvwv dqg wkh sursrvhg surmhfw lv mxgjhg wr eh fhuwdlqo| vrxqg dqg surplvlqj/ wkh
yhqwxuh fdslwdolvw lqlwldoo| surylghv rqo| vhhg prqh| wr vhh li wkh hqwuhsuhqhxu lv fdsd0
eoh ri lqlwldwlqj wkh surmhfw/ zkloh srvvleo| h{whqglqj dlg wr khos wkh vwduw0xs1 Zkhq
d yhqwxuh fdslwdolvw ghflghv wr qdqfh d vwduw0xs/ hoderudwh qdqflqj dqg hpsor|phqw
djuhhphqwv duh gudzq xs ehwzhhq wkh yhqwxuh fdslwdolvw dqg wkh hqwuhsuhqhxu1 Xvxdoo|/
vwduw0xs qdqflqj lqyroyhv frqvruwlxp qdqflqj e| vhyhudo yhqwxuh fdslwdolvwv/ zlwk rqh ri
wkhp dfwlqj dv d ohdg qdqflhu dqg wkh srvlwlrq ri ohdg pdqdjhu lv urwdwhg ryhu glhuhqw
surmhfwv1 Wklv duudqjhphqw vhuyhv dv d phfkdqlvp ri uhflsurfdo ghohjdwlrq ri prqlwrulqj
dprqj d jurxs ri yhqwxuh fdslwdolvwv1 Wkh uhflsurfdo ghohjdwlrq qrw rqo| dyrlgv wkh gx0
solfdwlrq ri lqwhqvh prqlwrulqj/ exw dovr ixqfwlrqv dv d ghylfh wr frqwuro srvvleoh vklunlqj
ri prqlwrulqj e| yhqwxuh fdslwdolvwv +Ohuqhu 4<<7/ Ihqq/ Oldqj/ dqg Surzvh 4<<8,1 Zh
zloo devwudfw iurp wklv uhflsurfdo uhodwlrqvkls dprqj yhqwxuh fdslwdolvwv/ dqg orrn dw wkh
uhodwlrqvkls ri hqwuhsuhqhxuldo upv zlwk yhqwxuh fdslwdo ixqgv dv li wkhuh zhuh d vlqjoh
yhqwxuh fdslwdolvw1
Dw wkh wlph ri vwduw0xs/ wkh yhqwxuh fdslwdolvw frpplwv rqo| d iudfwlrq ri fdslwdo
qhhghg wr frpsohwh wkh surmhfw/ zlwk wkh h{shfwdwlrq wkdw dgglwlrqdo qdqflqj zloo eh
pdgh vwhszlvh/ frqwlqjhqw xsrq wkh vprrwk surfhhglqj ri wkh surmhfw/ zklfk pd| qrw eh
frqwudfwleoh1 Wklv lv d surfhvv wkdw Vdkopdq +4<<3, fdoohg vwdjhg fdslwdo frpplwphqw1
Ilqdqflqj e| yhqwxuh fdslwdolvwv qrupdoo| wdnhv wkh irup ri frqyhuwleoh suhihuuhg vwrfnv
ru vxeruglqdwh ghew zlwk frqyhuwleoh sulylohjhv +Ihqq/ Oldqj/ dqg Surzvh 4<<8/ Jrpshuv
dqg Ohuqhu 4<<9,1 Wklv phdqv wkdw wkh| duh sdlg sulru wr kroghuv ri frpprq vwrfn
lq wkh hyhqw ri surmhfw idloxuh1 Dovr wkh| uhwdlq dq h{lw rswlrq h{huflvdeoh e| uhixvlqj
dgglwlrqdo qdqflqj dw d fulwlfdo prphqw zkhq d vwduw0xs up qhhgv lqixvlrq ri qhz
ixqgv wr vxuylyh1 Krzhyhu/ d w|slfdo vkduh kroglqj djuhhphqw doorzv dq hqwuhsuhqhxu wr
lqfuhdvh klv2khu rzqhuvkls vkduh +qrupdoo| lq frpprq vwrfn, dw wkh h{shqvh ri lqyhvwruv/
li fhuwdlq shuirupdqfh remhfwlyhv duh phw1 Iluhg hqwuhsuhqhxuv iruihlw wkhlu fodlpv rq vwrfn
wkdw kdv qrw yhvwhg1
Wkhuh duh pdq| exvlqhvv idloxuhv dprqj hqwuhsuhqhxuldo vwduw0xs upv1 Pdq| idloxuhv
9furs xs hduo|/ xvxdoo| lq wkh uvw rqh ru wzr |hduv1 Iuhtxhqw idloxuhv pd| eh fdxvhg qrw
rqo| e| ryhu}hdorxv frpshwlwlrq dprqj dpelwlrxv hqwuhsuhqhxuv/ exw dovr wkh yhqwxuh
fdslwdolvw lwvhoi pd| frqwulexwh wr wklv1 Zlooldp Vdkopdq dqg Krzdug Vwhyhqvrq revhuyhg
wkh iroorzlqj skhqrphqrq lq dq hphujlqj vhjphqw ri wkh frpsxwhu gdwd vwrudjh lqgxvwu|
lq wkh plg04<;3*v1 Lq doo/ 76 vwduw0xsv zhuh ixqghg lq dq lqgxvwu| vhjphqw wkdw frxog
eh h{shfwhg lq wkh orqj uxq wr vxssruw shukdsv irxu1 Wkxv idloxuh lv dw wkh yhu| ohdvw
hqghplf wr wkh yhqwxuh fdslwdo surfhvv/ dq h{shfwhg frpprqsodfh hyhqw> lq vrph fdvhv/
wkh surfhvv lwvhoi pd| hyhq surprwh idloxuh +Jrupdq dqg Vdkopdq 4<;</ s156;,1 Lq
fdvxdo frqyhuvdwlrqv lq Vlolfrq Ydooh|/ yhqwxuh fdslwdolvwv qrupdoo| uhjdug 6 vxffhvvhv rxw
ri 43 lqlwldo ixqglqjv dv uhdvrqdeoh1
Yhqwxuh fdslwdolvwv duh zhoo uhsuhvhqwhg rq wkh erdug ri gluhfwruv ri wkh vwduw0xs upv1
Lq dgglwlrq wr dwwhqglqj erdug phhwlqjv/ ohdg yhqwxuh fdslwdolvwv riwhq ylvlw hqwuhsuhqhxuv
fxp vhqlru pdqdjhuv dw wkh vlwh ri yhqwxuh0ixqghg upv1 Wkh| surylgh d zlgh udqjh ri
dgylfh dqg frqvxowlqj vhuylfhv wr vhqlru pdqdjhphqw> khoslqj wr udlvh dgglwlrqdo ixqgv>
uhylhzlqj dqg dvvlvwlqj zlwk vwudwhjlf sodqqlqj> uhfuxlwlqj qdqfldo dqg kxpdq uhvrxufh
pdqdjhphqw> lqwurgxflqj srwhqwldo fxvwrphuv dqg vxssolhuv> surylglqj sxeolf uhodwlrqv
dqg ohjdo vshfldolvwv1 Wkh| dovr dfwlyho| h{huflvh frqyhqwlrqdo urohv lq wkh jryhuqdqfh ri
wkh vwduw0xs upv/ riwhq ulqj wkh irxqghu0pdqdjhuv zkhq qhhghg1
Li wkh surmhfw lv vxffhvvixo/ wkh uhodwlrqdo qdqflqj whuplqdwhv hlwkhu zlwk lqlwldo sxeolf
rhulqj +LSR, ru zlwk dftxlvlwlrqv e| rwkhu upv1 Fdslwdo jdlqv duh glvwulexwhg ehwzhhq
wkh yhqwxuh ixqgv dqg wkh hqwuhsuhqhxu dffruglqj wr wkhlu vkduhv dw wkdw wlph1 Ehiruh wkh
grw1frp exeeoh/ lw xvxdoo| wrrn yh wr vhyhq |hduv iru vwduw0xs upv wr jr wr wkh LSR
pdunhw1 Gxulqj wkh grw1frp errp/ wklv shulrg zdv vkruwhqhg/ hvshfldoo| iru h0frpphufh
exvlqhvvhv1 Wklv lv ehfdxvh wkh whfkqrorj| lqyroyhg zdv qrw vwulnlqjo| lqqrydwlyh lq wkrvh
exvlqhvvhv/ exw rqo| qhz exvlqhvv prghov kdg wr eh frqwulyhg1 Iru h{dpsoh/ edvlf dqdo|w0
lfdo dojrulwkpv ri lqwhuqhw dxfwlrq vlwhv kdyh ehhq orqj0nqrzq lq h{shulphqwdo hfrqrplfv1
Rq wkh rwkhu kdqg/ lq wkh elrwhfkqrorj| lqgxvwu| zkhuh U)G xqfhuwdlqw| lv vwloo uhodwlyho|
kljk/ wkh vkruwhqlqj ri wkh shulrg qhhghg iru wkh uhfryhu| ri yhqwxuh0fdslwdo lqyhvwphqw
:uhwxuqv kdv qrw ehhq dv gudpdwlf1 Dq|zd|/ diwhu wkh fudvk/ wkh wlph shulrg vhhpv wr kdyh
jrw edfn wr wkdw revhuyhg ehiruh wkh grw1frp exeeoh1
Uhfhqwo| vxffhvvixo vwduw0xs upv kdyh wkh whqghqf| wr ehfrph wdujhwv ri dftxlvlwlrq
e| ohdglqj upv lq wkh vdph pdunhw udwkhu wkdq jrlqj wr LSR pdunhwv1 Iurpwkh ylhzsrlqw
ri vwduw0xs hqwuhsuhqhxuv/ wkh| duh vdlg wr suhihu ex|0rxwv wr LSR*v/ sduwlfxoduo| zkhq
wkh| kdyh rqo| d vlqjoh lqqrydwlyh surgxfw olqh +Khoopdqq 4<<;,1 Wkhvh ohdglqj upv duh
riwhq wkhpvhoyhv jurzq0xs hqwuhsuhqhxuldo upv wkdw kdyh ehhq vxffhvvixo lq dvvxplqj
ohdghuvkls lq vhwwlqj vwdqgdugv lq wkhlu qlfkh pdunhwv1 Wkh| dlp wr dftxluh vxffhvvixo
vwduw0xs upv/ hlwkhu wr nloo r srwhqwldo fkdoohqjhv wr wkh vwdqgdugv wkh| vhw/ ru wr ixuwkhu
vwuhqjwkhq wkhlu pdunhw srvlwlrqv e| vkruwhqlqj wkh shulrg ri lq0krxvh U)G e| wkh vr0
fdoohg D)G +dftxlvlwlrq dqg ghyhorsphqw,1 Wkh| dovr vhhn wr hvwdeolvk d prqrsrolvwlf
srvlwlrq lq wkh pdunhw e| exqgolqj frpsohphqwdu| whfkqrorjlhv1 Lq vr grlqj/ wkhvh ohdglqj
upv kdyh dq juhdw lq xhqfh rq yhqwxuh fdslwdolvwv/ dqg wkxv hqwuhsuhqhxuldo upv/ lq
jxlglqj wkhlu dfwlylwlhv1 Wklv phfkdqlvp dv d zkroh hqdeohv d qhz whfkqrorjlfdo surgxfw
v|vwhp wr eh iruphg hyroxwlrqdulo| e| frpelqlqj  h{leo| qhz prgxodu surgxfwv h{ srvw1
Iru wkh deryh ghvfulehg phfkdqlvp wr zrun/ lw lv qhfhvvdu| wkdw wkh vwdqgdugl}hg lq0
whuidfhv duh suhvfulehg dprqj glhuhqw prgxodu surgxfwv dqg wkdw lqirupdwlrq surfhvvlqj
dfwlylwlhv duh hqfdsvxodwhg dqg2ru klgghq zlwklq hdfk hqwuhsuhqhxuldo up lq wkh frxuvh
ri ghyhorslqj uhvshfwlyh prgxodu surgxfw1 Wklv lv d xqltxh phfkdqlvp ri lqirupdwlrq
vkdulqj2klglqj wkdw Vd{hqldq +4<<7, irxqg wr eh wkh nh| wr wkh lqqrydwlyh qdwxuh ri Vlo0
lfrq Ydooh| upv1 Vwdqgdugl}dwlrq ri lqwhuidfhv lv dv pxfk d surgxfw ri dufklwhfwxuhv
ghqhg e| grplqdqw upv +hvshfldoo| Lqwho dqg Plfurvriw lq wkh fxuuhqw hud, dqg ri lq0
gxvwu| vwdqgdug0vhwwlqj rujdql}dwlrqv vxfk dv Vhplfrqgxfwru Htxlsphqw dqg Pdwhuldov
Lqwhuqdwlrqdo +VHPL, dqg wkh Lqwhuqhw Hqjlqhhulqj Wdvn Irufh +LHWI, dv ri frruglqdwlrq
e| yhqwxuh fdslwdolvwv1 Vlploduo|/ upv olnh Vxq duh frpshwlqj zlwk surgxfwv olnh Mlql dqg
Mdyd wr ghqh wkh lqwhuidfh vwdqgdugv iru hphujlqj pdunhwv1 Hyhq wkh ohdglqj srvlwlrqv ri
hvwdeolvkhg upv lq uhvshfwlyh qlfkh pdunhwv pd| qrw eh vhfxuh lq kljko| xqfhuwdlq dqg
frpshwlwlyh whfkqrorjlfdo dqg pdunhw hqylurqphqwv1 Udwkhu vwdqgdugv pd| eh frqfhlyhg
;wr eh hyroxwlrqdulo| iruphg dqg prglhg wkurxjk wkh lqwhudfwlrq ri upv/ odujh dqg vpdoo1
Lq wklv surfhvv/ yhqwxuh fdslwdolvwv dovr sod| dq lpsruwdqw uroh lq lqwhuphgldwlqj qhfhvvdu|
lqirupdwlrq dprqj wkhvh dfwruv/ hvshfldoo| hqwuhsuhqhxuldo upv1
E| qrz wkh uhdghu vkrxog qrwlfh wkdw wkh yhqwxuh fdslwdolvwv sod| d zlgh udqjh ri urohv
ylv0d0ylv hqwuhsuhqhxuldo upv> h{ dqwh prqlwrulqj +vfuhhqlqj ri sursrvhg surmhfwv wr frsh
zlwk wkh srvvleoh dgyhuvh vhohfwlrq sureohp,> dg lqwhulp prqlwrulqj> h{ srvw prqlwrulqj
+wkh yhulfdwlrq ri surmhfw uhvxowv dqg wkh frqwuroolqj ghflvlrq dv wr zklfk h{lw vwudwhj| lv
wr eh h{huflvhg,> phgldwlrq ri lqirupdwlrq uhjduglqj vwdqgdugl}dwlrq ri lqwhuidfhv1 Wkhvh
ixqfwlrqv duh ri frxuvh qrw ixooohg h{foxvlyho| e| d vlqjoh yhqwxuh fdslwdolvw1 H{ dqwh
dqg lqwhulp prqlwrulqj uhtxluhv surihvvlrqdo hqjlqhhulqj frpshwhqfh lq vshfldol}hg hogv/
zkloh h{ srvw prqlwrulqj uhtxluhv qdqfldo h{shuwlvh1 Wkxv wkh yhqwxuh fdslwdolvwv whqg wr
irfxv rq frpsdqlhv lq vshflf lqgxvwulhv wr phhw vxfk qhhgv1 Krzhyhu zh devwudfw iurp
vxfk frpsolfdwlrq lq wkh uhdo zruog dqg dvvxph wkdw d vlqjoh yhqwxuh fdslwdolvw ixooov
wkrvh ixqfwlrqv1
Gxulqj wkh vr0fdoohg grw1frp exeeoh/ pdq| vwduw0xs hqwuhsuhqhxuldo upv zhuh vhw xs
xqghu wkh deryh ghvfulehg phfkdqlvp/ exw prvw ri wkhp orvw prqh| rqo| wr glvdsshdu1
Wkrvh hyhqwv pljkw ohdg rqh wr grxewlqj wkh yldelolw| ri wkh Vlolfrq Ydooh| prgho1 Krzhyhu
lw vkrxog eh vwuhvvhg wkdw wkh prgho kdg ehhq hhfwlyh hyhq ehiruh wkh grw1frp exeeoh/ dqg
wkh fudvk mxvw jrw wklqjv edfn wr qrupdolw|1 Wkh fdxvh ri wkh exeeoh pd| eh dwwulexwhg wr
wkh odfn ri udwlrqdo h{shfwdwlrq rq wkh vlgh ri lqyhvwruv uhjduglqj wkh ydoxh wr eh uhdol}hg
+Edogzlq dqg Fodun 5334,1 Wkh phfkdqlvp dv vxfk vwloo uhpdlqv hhfwlyh iru fuhdwlqj
ydoxh dqg ghvhuyhv wr eh h{dplqhg1
Lq vxppdu|/ d yhqwxuh fdslwdolvw pd| eh uhjdughg dv sod|lqj gxdo urohv lq wkh Vlolfrq
Ydooh| prgho> lqwhuphgldwlqj lqirupdwlrq lq wkh surfhvv ri vwdqgdug vhwwlqj/ vhohfwlqj dqg
frpelqlqj prgxodu surgxfwv h{ srvw> jryhuqdqfh uroh lq wkh hqwuhsuhqhxuldo upv1 Vhfwlrq
6 ghdov zlwk wkh lqirupdwlrq vwuxfwxudo dvshfw/ zkloh Vhfwlrqv 7 dqdo|}hv wkh jryhuqdqfh
dvshfw1
<6 Lqirupdwlrq V|vwhplf Dvshfw ri wkh Vlolfrq Ydooh|
Prgho
614 Frpsdudwlyh U)G Rujdql}dwlrqv
Wkh suhylrxv vhfwlrq vxjjhvwhg wkdw rqh ri wkh pdmru urohv ri yhqwxuh fdslwdolvwv olhv lq
wkh phgldwlrq ri lqirupdwlrq lq wkh surfhvv ri vhwwlqj vwdqgdugv/ dqg wkh irupdwlrq ri d
qhz surgxfw v|vwhp e| vhohfwlqj dqg frpelqlqj prgxodu surgxfwv h{ srvw1 Lw zrxog eh
qdwxudo wr dvn xqghu zkdw frqglwlrqv vxfk d xqltxh duudqjhphqw ri U)G dfwlylwlhv fdq
eh vxshulru wr wkh wudglwlrqdo U)G rujdql}dwlrqv lq d odujh lqwhjudwhg up1
Vxssrvh wkdw d qhz whfkqrorjlfdo surgxfw v|vwhp lv fuhdwhg e| frpelqlqj prgxoh
frpsrqhqw surgxfwv1 Iru h{dpsoh/ d odswrs frpsxwhu dv d whfkqrorjlfdo surgxfw v|vwhp
frqvlvwv ri vxfk frpsrqhqw hohphqwv dv OF prqlwru/ PSX/ lpdjh0surfhvvlqj OVL/ kdug
glvn gulyh/ RV/ dssolfdwlrq vriwzduh/ dxglr dqg frppxqlfdwlrq ghylfhv/ hwf1 Lq jhqhudo/
wkhuh duh frpsolfdwhg ghshqghqflhv dprqj ghvljq wdvnv ri wkrvh frpsrqhqw surgxfwv1
Wkhuhiruh/ ghyhorslqj vxfk d frpsoh{ surgxfw v|vwhp dv d odswrs frpsxwhu uhtxluhv frq0
wlqxdo frruglqdwlrq dprqj ghvljq wdvnv ri glhuhqw frpsrqhqw surgxfwv vr wkdw wkh| pd|
w zlwk rqh dqrwkhu wr irup d frkhuhqw surgxfw v|vwhp1
￿
Wkh yroxph ri lqirupdwlrq h{0
fkdqjhg dqg surfhvvhg dprqj wkrvh ghvljq wdvn xqlwv fdq eh vr kxjh wkdw dq| vlqjoh djhqw
zloo qrw eh deoh wr pduvkdo wkh zkroh surfhvv lq d fhqwudol}hg pdqqhu1 Vlqfh hdfk kxpdq
ehlqj lv erxqghgo| udwlrqdo lq klv2khu lqirupdwlrq surfhvvlqj dfwlylw|/ zh xvxdoo| irup dq
rujdql}dwlrq wr wudqvfhqg kxpdq olplwdwlrq sduwldoo|/ dqg dwwhpsw wr vroyh wkh sureohp
e| lqvwdoolqj d vwuxfwxuhg lqirupdwlrq surfhvvlqj v|vwhp1
Lq rughu wr fdswxuh vxfk vwuxfwxuhg lqirupdwlrq surfhvvlqj dfwlylwlhv/ vxssrvh wkdw d
jhqhulf U)G rujdql}dwlrq lv frpsrvhg ri d ghyhorsphqw pdqdjhu ghqrwhg e| / dqg wzr
surgxfw ghvljq whdpv ghqrwhg e| A
￿ E ' @cK1  lv hqjdjhg lq vxfk wdvnv dv ghyhorsphqw
vwudwhj|/ wkh doorfdwlrq ri U)G ixqgv/ dqg vr iruwk/ zkloh wkh surgxfw ghvljq whdpv duh
hqjdjhg lq wkh ghvljq ri surgxfwv/ hdfk ri zklfk lv wr frqvwlwxwh d frpsrqhqw +vd|/ d
prqlwru/ d kdug gulyh/ hwf1, ri dq lqwhjudo whfkqrorjlfdo v|vwhp +vd|/ d odswrs frpsxwhu,1
Wkh| frruglqdwh wkhlu dfwlylwlhv vr dv wr pd{lpl}h wkh ydoxh ri wkh surgxfw v|vwhp lq xq0
43fhuwdlq hqylurqphqwv/ zklfk duh dvvxphg wr eh vhjphqwhg dv iroorzv1 Wkhuh lv d v|vwhplf
vhjphqw/ .
￿ / vd| wkh dydlodelolw| ri wrwdo U)G ixqgv/ hphujhqw lqgxvwuldo vwdqgdugv/ wkdw
vlpxowdqhrxvo| dhfwv wkh rujdql}dwlrqdo uhwxuqv wr ghflvlrq fkrlfhv e|  dv zhoo dv A
￿ *v
+v|vwhplf hqylurqphqw/ khuhdiwhu,1 Qh{w/ wkhuh duh wkh vhjphqwv ri hqylurqphqwv wkdw
dhfw wkh rujdql}dwlrqdo uhwxuqv wr ghflvlrq fkrlfhv e| A
￿ *v/ hqjlqhhulqj hqylurqphqwv/
zklfk fdq eh ixuwkhu glylghg lqwr wkuhh vxevhwv= .
￿ / frpprq wr erwk whdpv +v|vwhplf
hqjlqhhulqj hqylurqphqw/ khuhdiwhu,/ dqg .
￿ dqg .
￿ / lglrv|qfudwlf wr uhvshfwlyh surmhfwv
ri wkh whdpv +lglrv|qfudwlf hqjlqhhulqj hqylurqphqw/ khuhdiwhu,1 Lq zkdw iroorzv/ zh dv0
vxph wkdw  lv hqjdjhg lq revhuylqj .
￿ / dqg .
￿ dqg .
￿ duh rqo| revhuydeoh e| A
￿ dqg
A
￿ uhvshfwlyho|1 Wkh srvvleoh zd|v lq zklfk rwkhu dvshfwv ri lqirupdwlrq surfhvvlqj lv
vshflhg zloo fkdudfwhul}h hdfk prgh ri U)G rujdql}dwlrq1
Dvvxplqj wkdw dfwlylwlhv ri hdfk phpehu lv doljqhg olqhduo|/ wkh deryh ghvfulehg vlw0
xdwlrq fdq eh irupxodwhg e| xvlqj d whdp0wkhruhwlf prgho ghyhorshg e| Pduvfkdn dqg
Udgqhu +4<:5,1 Vxssrvh wkdw wkh ydoxh ri wkh whfkqrorjlfdo surgxfw v|vwhp/ zklfk lv dovr
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zkhuh % lv wkh fkrlfh yduldeoh e| / +
￿ *v duh fkrlfh yduldeohv e| A
￿ *v+ ' @cK,1 Wkhuh










￿ uhvshfwlyho|1 Revhuyh wkdw 
￿ dhfwv wkh uhwxuqv wr % dv
zhoo dv +
￿ *v/ dqg 
￿ dhfwv wkrvh wr +
￿ *v/ zkloh 
￿ E ' @cK dhfwv rqo| +
￿ 1 Frqvwdqw




￿ ' u  g phdvxuhv wkh ghjuhh
ri whfkqrorjlfdo dqg2ru ghvljq dwwulexwh frpsohphqwdulw|/ wkh fkrlfh yduldeohv ri A
￿ *v duh
frpsohphqwdu| zkhq g : u/ dqg vxevwlwxwh zkhq g 	 u1 Lw zrxog eh qdwxudo wr dvvxph
wkdw wkh fkrlfh yduldeohv ri  dqg A
￿ *v duh frpsohphqwdu| +qdpho| Y
￿
T*Y%Y+
￿ ' ( : f,1
Wkh ydoxh ixqfwlrq lv dvvxphg wr eh vwulfwo| frqfdyh1 Xqghu wkh deryh dvvxpswlrqv/
wkh vx!flhqw frqglwlrqv iru wkh ydoxh ixqfwlrq wr eh vwulfwo| frqfdyh lq E%c+
￿ c+
￿  lv  :




Ixuwkhu zh dvvxph gcu : f zlwkrxw orvv ri jhqhudolw|/
ehfdxvh dq| ydoxh ri srvlwlyh gnu dqg gu fdq eh surgxfhg e| dssursuldwho| vhohfwlqj
srvlwlyh g dqg u1
Dv douhdg| vwdwhg/ zh dvvxph wkdw  lv hqjdjhg lq revhuylqj .
￿ / dqg .
￿ *v duh re0
vhuyhg rqo| e| A
￿ *v+ ' @cK,1 Rwkhu vshflfdwlrq derxw revhuydwlrq dqg2ru lqirupdwlrq
vkdulqj yld frppxqlfdwlrq zloo fkdudfwhul}h hdfk w|sh ri U)G rujdql}dwlrq1 Lq wkh vhqvh
wkdw dq| djhqw fdqqrw revhuyh doo hqylurqphqwdo yduldeohv/ dqg wkxv kdv wr edvh klv2khu
ghflvlrq rq rqo| sduwldo lqirupdwlrq/ wklv lv d vhfrqg0ehvw vlwxdwlrq1 Dovr dvvxph wkdw doo
wkh djhqwv revhuyh hqylurqphqwdo yduldeohv zlwk vrph huuru gxh wr erxqghg udwlrqdolw|1 Lq
wklv whdp0wkhruhwlf vhwwlqj/ dw uvw/ hdfk w|sh ri U)G rujdql}dwlrq ghflghv krz wr vkduh
ydulrxv lqirupdwlrq dprqj  dqg A
￿ *v/ dowkrxjk frpsohwh lqirupdwlrq vkdulqj lv lpsrv0
vleoh dv vwdwhg deryh1 Jlyhq vxfk lqirupdwlrq vwuxfwxuh/ lw wkhq dgrswv d vhfrqg0ehvw
ghflvlrq uxohv wr pd{lpl}h wkh h{shfwhg sd|r1 D ghflvlrq uxoh pdsv slhfhv ri dydlodeoh
lqirupdwlrq wr fkrlfh yduldeohv1 Zh duh lqwhuhvwhg lq zkdw w|sh ri U)G rujdql}dwlrq
fdq prvw vxffhvvixoo| frruglqdwh djhqwv* fkrlfh yduldeohv xqghu vshflf hqylurqphqwv1 D
w|sh ri U)G rujdql}dwlrq lv ghqhg wr eh lqirupdwlrqdoo| pruh h!flhqw wkdq dqrwkhu li
wkh pd{lpl}hg h{shfwhg sd|r wr lw lv juhdwhu wkdq wkdw wr dqrwkhu/ zklfk phdqv wkdw d
w|sh ri U)G rujdql}dwlrq lv vxshulru wr wkh rwkhu w|sh dv d frruglqdwlrq v|vwhp lq jlyhq
hqylurqphqwv1
Zh ixuwkhu dvvxph wkdw doo hqylurqphqwdo vkrfnv duh qrupdoo| glvwulexwhg zlwk phdq
}hur1 Wkh revhuydwlrq huuruv zkhq  dqg A




￿ duh ghqrwhg e|
"
￿ c"
￿ / dqg "
￿ E ' @cK1 Wkh| duh dovr dvvxphg wr eh qrupdoo| glvwulexwhg zlwk }hur phdq1




























￿ E ' @cK
Rwkhu huuruv gxh wr frppxqlfdwlrq surfhvv ru glvwlqfwlyh ri hdfk w|sh ri rujdql}dwlrq zloo
45eh ghqhg zkhq lw lv qhfhvvdu|1
+4, Klhudufklfdo U)G Rujdql}dwlrq Lq wklv w|sh ri U)G rujdql}dwlrq/  lv wkh
uhvhdufk pdqdjhu ri dq lqwhjudwhg up dqg A
￿ *v duh lwv lqwhuqdo surmhfw whdpv1 Ehwzhhq
wkhp lv dq lqwhuphgldwh djhqw U/ vd| d v|vwhp hqjlqhhu/ lqvhuwhg1  lv vshfldol}hg lq
prqlwrulqj .
￿ 1 Ohw xv ghqrwh *v revhuydwlrq e| 1
￿ ' 
￿ n"
￿ / zklfk lv frppxqlfdwhg wr
U1 U lv hqjdjhg lq prqlwrulqj .
￿ dqg frppxqlfdwlqj *v dqg klv2khu revhuydwlrq wr
A
￿ *v1 Zh ghqrwh U*v revhuydwlrq e| 1
￿ ' 
￿ n "
￿ 1 Wkxv A
￿ *v uhfhlyh 1
￿ dqg 1
￿ zlwk vrph
frppxqlfdwlrq huuruv dv zhoo dv revhuyh 1
￿ ' 
￿ n"
￿ 1 Dv d uhvxow/ lq wklv prgh/ *v fkrlfh
yduldeoh % ghshqgv xsrq 1
￿ / dqg A
￿ *v fkrlfh yduldeoh +












￿ ghqrwhv wkh frppxfdwlrq huuruv rq wkh vlgh ri A
￿ 1
Wklv w|sh ri rujdql}dwlrq pd| eh uhjdughg dv uh hfwlqj wkh hvvhqwldo dvshfwv ri wkh
U)G rujdql}dwlrq ri d wudglwlrqdo/ odujh klhudufklfdo up/ vrphwlphv uhihuuhg wr dv wkh
zdwhuidoo prgho +Nohlq dqg Urvhqehuj 4<;9/ Drnl dqg Urvhqehuj 4<;<,1
+5, Lqwhudfwlyh U)G Rujdql}dwlrq Lq wklv w|sh ri U)G rujdql}dwlrq/  lv wkh uh0
vhdufk pdqdjhu dqg A
￿ *v duh lqwhudfwlqj ghyhorsphqw whdpv1 Wkhuh lv lqirupdwlrq vkdulqj
dprqj wkhp doo uhjduglqj wkh v|vwhplf hqylurqphqw .
￿ 1 Wkh wzr whdpv dovr frooderudwh
rq uhvhdufk dqg ghyhorsphqw dhfwhg e| wkh v|vwhplf hqjlqhhulqj hqylurqphqw .
￿ / exw
zrun lqglylgxdoo| rq whfkqlfdo dqg hqjlqhhulqj sureohpv dulvlqj lq wkhlu rzq vhjphqwv
ri wkh hqjlqhhulqj hqylurqphqw/ .
￿ 1 Wkxv hdfk surmhfw whdp lq wklv w|sh ri rujdql}dwlrq
kdv zlgh0udqjlqj lqirupdwlrq derxw hqylurqphqwv/ sduwldoo| vkduhg dqg sduwldoo| lqglylg0
xdwhg1 *v fkrlfh yduldeoh ghshqgv xsrq 1
￿ ' 
￿ n "
￿ / zkloh A








￿ +frpprq wr A






Wklv w|sh ri rujdql}dwlrq pd| eh frqvlghuhg dv fruuhvsrqglqj wr zkdw Vwhskhq Nohlq
frqfhswxdol}hg dv wkh fkdlq0olqnhg prgho ri lqqrydwlrq lq wkdw ihhgedfn phfkdqlvpv duh
rshudwlqj dfurvv glhuhqw ohyhov dqg xqlwv +Nohlq dqg Urvhqehuj 4<;9/ Drnl dqg Urvhq0
ehuj 4<;<,1 Lqirupdwlrq dvvlplodwlrq lv uhdol}hg wkurxjk wkh ihhgedfn ri lqirupdwlrq iurp
46wkh orzhu ohyho wr wkh kljkhu ohyho/ dv zhoo dv wkurxjk lqirupdwlrq vkdulqj dqg mrlqw ghyho0
rsphqw hruw dfurvv ghvljq surmhfw whdpv rq wkh vdph ohyho1
+6, Y0phgldwhg Lqirupdwlrq Hqfdsvxodwlrq Lq wklv w|sh ri rujdql}dwlrq/ lqirupd0
wlrq uhjduglqj v|vwhplf hqylurqphqw lv vkduhg dprqj  dqg A
￿ *v dv lq wkh lqwhudfwlyh
U)G rujdql}dwlrq1 Krzhyhu/ xqolnh wkh lqwhudfwlyh U)G rujdql}dwlrq/ wkhuh lv qr lqiru0
pdwlrq vkdulqj ehwzhhq A
￿ *v uhjduglqj wkh v|vwhplf hqjlqhhulqj hqylurqphqw .
￿ 1 Wkxv
ghyhorsphqw ghvljqv duh frpsohwho| hqfdsvxodwhg zlwklq hdfk whdp dqg wkhlu qhz surgxfw




￿ / dqg A
￿ *v xsrq 1
￿ ' 
￿ n "











￿ +lglrv|qfudwlf wr A
￿ *v,1
Vxfk d prgho pd| eh lqwhusuhwhg dv dq lqwhuqdo U)G rujdql}dwlrq/ zlwk hdfk surmhfw
whdp kdylqj kljk dxwrprq| lq lqirupdwlrq surfhvvlqj dqg surgxfw ghvljq1 Krzhyhu/
zh uhjdug wklv prgho dv fdswxulqj vrph hvvhqwldo dvshfwv ri wkh uhodwlrqvkls ehwzhhq
yhqwxuh fdslwdolvwv dqg hqwuhsuhqhxuldo upv/ dv zhoo dv wkdw dprqj hqwuhsuhqhxuldo upv
lq Vlolfrq Ydooh|1 Dffruglqj wr wklv lqwhusuhwdwlrq/  lv d yhqwxuh fdslwdolvw dqg A
￿ *v duh
lqghshqghqw hqwuhsuhqhxuldo upv1 Dv zh douhdg| qrwhg/ wkhuh lv vxevwdqwldo ghjuhh ri
lqirupdwlrq vkdulqj dprqj wkhp derxw hphujhqw lqgxvwuldo v|vwhplf hqylurqphqw/ dqg
yhqwxuh fdslwdolvwv riwhq wdnhv wkh uroh ri lqwhuphgldwlqj vxfk lqirupdwlrq e| phgldwlqj
frqwdfwv dprqj hqwuhsuhqhxuv/ hqjlqhhuv/ xqlyhuvlw| uhvhdufkhuv hwf1
615 Frpsdudwlyh Dqdo|vlv ri Lqirupdwlrq H!flhqf|
Vlqfh wkh remhfwlyh ixqfwlrq lv txdgudwlf dqg frqfdyh/ wkh vhfrqg0ehvw ghflvlrq uxoh iru
hdfk djhqw lv nqrzq wr eh olqhdu lq slhfhv ri lqirupdwlrq dydlodeoh wr dqg xwlol}hg e|
wkh djhqw +Pduvfkdn dqg Udgqhu 4<:5/ Fk18,1 Lq wkh frxuvh ri fdofxodwlqj vhfrqg0ehvw
ghflvlrq uxohv/ wkh frh!flhqwv dsshdulqj lq wkhp wxuq rxw wr eh olqhdu lq wkh suhflvlrq ri
lqirupdwlrq0surfhvvlqj dfwlylw|1 Khuh zh dgrsw wkh iroorzlqj phdvxuh ri suhflvlrq ri dq
revhuydwlrq dffruglqj wr wkh Ed|hvldq wkhru| ri lqihuhqfh1 Vxssrvh wkdw wkh sulru yduldqfh
ri wkh revhuyhg hqylurqphqwdo sdudphwhu lv j
￿




















Iru wkh sxusrvh ri frpsdulvrq/ uvw vxssrvh wkdw wkh deryh wkuhh w|shv rirujdql}dwlrqv




￿ duh wkh vdph dfurvv w|shv ri rujdql}dwlrq1 Dovr vxssrvh wkdw wkh suhflvlrq ri survhvvlqj
lqirupdwlrq uhjduglqj wkrvh hqylurqphqwv duh htxdo dfurvv wkrvh w|shv ri rujdql}dwlrqv1
Wkhq whglxv fdofxodwlrq vkrzv wkh iroorzlqj1
Sursrvlwlrq 4 Vxssrvh wkdw wkh wkuhh w|shv ri U)G rujdql}dwlrqv idfh wkh vdph ru0
jdql}dwlrqdo hqylurqphqwv dqg frqvwdqw sdudphwhuv/ dqg wkdw/ iru hdfk rujdql}dwlrqdo
hqylurqphqw/ wkh suhflvlrq ri surfhvvlqj lqirupdwlrq lv wkh vdph dfurvv wkrvh rujdql}d0
wlrqv1 Wkhq wkh Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq lv lqirupdwlrqdoo| pruh h!flhqw
wkdq klhudufklfdo dqg lqwhudfwlyh U)G rujdql}dwlrq li dqg rqo| li g : u/ qdpho| zkhq
wkh fkrlfh yduldeohv ri A
￿ *v duh qrw frpsohphqwdu|1 Wkh lqwhudfwlyh U)G rujdql}dwlrq lv
lqirupdwlrqdoo| pruh h!flhqw wkdq wkh klhudufklfdo U)G rujdql}dwlrq1
￿
Surri1 Vhh wkh Dsshqgl{1
Lqwxlwlrq ehklqg wkh deryh sursrvlwlrq lv dv iroorzv1 Li wkh fkrlfh yduldeohv ri ghvljq
surmhfwv duh frpsohphqwdu| +qdpho| wkh ydoxh ixqfwlrq lv vxshuprgxodu lq E%c+
￿ c+
￿ ,/
lw lv pruh surwdeoh wr frruglqdwh wkhp vr wkdw wkh| pryh lq wkh vdph gluhfwlrq1 Vxfk
phfkdqlvp lv lqwhuqdol}hg lq wkh klhudufklfdo dqg lqwhudfwlyh U)G rujdql}dwlrqv/ vlqfh
lqirupdwlrq lv pruh dvvlplodwhg lq wkrvh w|shv ri rujdql}dwlrq1 Lq frqwudvw/ lq wkh Y0
phgldwhg lqirupdwlrq hqfdsvxodwlrq/ wkh revhuydwlrqv ri v|vwhplf hqjlqhhulqj hqylurq0
phqw e| hqwuhsuhqhxuldo upv duh pxwxdoo| klgghq/ vr wkdw wkhlu ghflvlrq fkrlfhv duh ohvv
fruuhodwhg1
Krzhyhu/ wkh deryh yhuedo ghvfulswlrq ri lqirupdwlrq surfhvvlqj dfwlylwlhv lq hdfk w|sh
ri rujdql}dwlrq uhyhdov wkdw wkh suhflvlrq ri surfhvvlqj lqirupdwlrq vkrxog eh glhuhqw
dfurvv w|shv ri rujdql}dwlrq1 Lq wkh lqwhudfwlyh U)G rujdql}dwlrq/ A
￿ *v duh hqjdjhg lq
revhuydwlrq dqg frppxqlfdwlrq ri .
￿ dqg .
￿ dv zhoo dv revhuydwlrq ri .
￿ *v/ zkloh lq wkh
Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq/ wkh| duh rqo| hqjdjhg lq revhuylqj .
￿ dqg .
￿ 1
48Wkhuhiruh zh h{shfw wkdw wkh suhflvlrq ri surfhvvlqj lqirupdwlrq uhjduglqj .
￿ *v lq wkh
Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq/ 
￿
￿ E ' @cK/ lv juhdwhu wkdq wkdw lq lqwhudfwlyh
U)G rujdql}dwlrq/ 
￿
￿ E ' @cK/ zkloh wkh suhflvlrq ri surfhvvlqj lqirupdwlrq uhjduglqj
.
￿ dqg .




￿ / duh juhdwhu wkdq wkdw lq




￿ / dv d uhvxow ri lqwhudfwlrq dprqj
djhqwv1
Sursrvlwlrq 5 Vxssrvh wkdw wkh wkuhh w|shv ri U)G rujdql}dwlrqv idfh wkh vdph frq0



















￿ duh vpdoo,/ dqg lglrv|qfudwlf hqjlqhhulqj hqylurq0
phqw lv uhodwlyho| lpsruwdqw +j
￿ lv odujh,/ wkhq Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq lv
lqirupdwlrqdoo| pruh h!flhqw wkdq wkh lqwhudfwlyh dqg klhudufklfdo U)G rujdql}dwlrq1
Surri1 Vhh wkh Dsshqgl{1
Wkh deryh wzr sursrvlwlrqv duh lqvwuxphqwdo lq xqghuvwdqglqj wkh qdwxuh ri xqltxh
duudqjhphqw ri U)G dfwlylwlhv lq wkh Vlolfrq Ydooh| prgho1 Wkh nh| frqfhsw lv wkh prg0
xodul}dwlrq ri d surgxfw v|vwhp1 Wklv frqfhsw lv riwhq xvhg ydjxho|/ exw lw vhhpv wkdw
wkh frqfhsw lqyroyhv dw ohdvw wkuhh dvshfwv> +4, wkh vwdqgdugl}dwlrq ri lqwhuidfhv ehwzhhq
prgxodu surgxfwv> +5, wkh h{ srvw irupdwlrq ri d qhz surgxfw v|vwhp e| frpelqlqj qhz
prgxodu surgxfwv> dqg +6, wkh pl{wxuh ri lqirupdwlrq vkdulqj dqg lqirupdwlrq hqfds0
vxodwlrq1 Lq oljkw ri wklv xqghuvwdqglqj/ rxu srlqw lv wkdw wkh wklug dvshfw/ zklfk lv d
nlqg ri rujdql}dwlrqdo duudqjhphqw iru surfhvvlqj lqirupdwlrq/ fdq eh xqghuvwrrg dv d
frqvhtxhqfh ri wkh uvw dqg2ru wkh vhfrqg dvshfw1
Iluvw/ wkh prgxodul}dwlrq ri d surgxfw v|vwhp fdqqrw eh dffrpsolvkhg zlwkrxw vhwwlqj
wkh vwdqgdug iru lqwhuidfhv ehwzhhq glhuhqw frpsrqhqwv1 Wkh surfhvv ri vwdqgdugl}lqj
lqwhuidfhv xvxdoo| lqyroyhv ghwdlohg dqdo|vhv ri ghshqghqflhv dprqj ghvljqv ri glhuhqw
frpsrqhqwv dqg frgli|lqj wkhp lqwr ghvljq uxohv +Edogzlq dqg Fodun 5333,1 Rqfh
frglhg lq wkh vwdqgdugl}hg lqwhuidfhv/ wkh xqfhuwdlqw| lqyroyhg lq v|vwhplf dqg v|vwhplf
49hqjlqhhulqj hqylurqphqwv zloo eh uhgxfhg1 Lq dgglwlrq/ jrrg dufklwhfwxuh ri d surgxfw
v|vwhp lv vxfk wkdw wkh vwdqgdugl}hg lqwhuidfhv duh zhoo irupxodwhg dqg uhpdlq ydolg iru
d uhodwlyho| orqj shulrg ri wlph1 Wklv dovr dggv wr wkh uhgxfwlrq ri xqfhuwdlqw| lqyroyhg
lq wkh v|vwhplf hqylurqphqw dqg wkh v|vwhplf hqjlqhhulqj hqylurqphqw/ zklfk zdv wkh
k|srwkhvhv lq sursrvlwlrq 51
Vhfrqgo|/ wkh prgxodul}dwlrq dovr hqdeohv d surgxfw v|vwhp wr eh iruphg hyroxwlrq0
dulo| e| frpelqlqj qhz prgxodu surgxfwv/ zklfk phdqv wkdw lpsuryhphqw ri wkh zkroh
v|vwhp uhvxowv iurp wkdw ri hdfk prgxodu surgxfw/ udwkhu wkdq iurp wkh frruglqdwhg dqg
vlpxowdqhrxv lpsuryhphqw ri vhyhudo prgxodu surgxfwv1 Wkxv wkh frpsohphqwdulw| eh0
wzhhq glhuhqw surmhfw whdpv/ dv uhsuhvhqwhg lq wkh ydoxh ixqfwlrq/ zloo eh uhgxfhg1 Wklv lv
wkh frqglwlrq iru wkh Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq wr eh yldeoh lq sursrvlwlrq 41
Wkxv/ zkdwhyhu wkh ruljlqdo fdxvh ri prgxodul}dwlrq pd| eh/ wkh sudfwlfh ri Y0phgldwhg
lqirupdwlrq hqfdsvxodwlrq wv zhoo zlwk wkh rwkhu dvshfwv ri prgxodul}dwlrq ri d surgxfw
v|vwhp ghvljq1
Wkh deryh revhuydwlrq dovr khosv xv xqghuvwdqg zk| prvw vxffhvv vwrulhv lq Vlolfrq
Ydooh| duh frqfhqwudwhg rq wkh frpsxwhu lqgxvwu|1 Rqfh d jrrg prgxodu dufklwhfwxuh lv
vhw/ lqqrydwlrqv xvxdoo| wdnh sodfh lq lqglylgxdo prgxohv/ dqg dufklwhfwxuh dqg lqwhuidfhv
zloo fkdqjh ohvv iuhtxhqwo|1 Wkh prgxodu ghvljq ri wkh LEP V|vwhp2693 lv dq h{dpsoh1 Lq
vxfk dq hqylurqphqw/ wkh frpsohphqwdulw| ehwzhhq dfwlylwlhv lq glhuhqw prgxodu sduwv
zloo eh uhgxfhg/ dqg wkh ghjuhh ri xqfhuwdlqw| lq wkh v|vwhplf vhjphqw ri wkh hqjlqhhulqj
hqylurqphqw lv orz1 Rwkhu h{dpsohv duh irxqg lq Lqwhuqhw2Zhe vhuylfhv1
￿
7 Lqfhqwlyh Dvshfw ri wkh Vlolfrq Ydooh| Prgho
Lq Vhfwlrq 4 zh dujxhg wkdw wkh rwkhu pdmru uroh sod|hg e| yhqwxuh fdslwdolvwv lv wkdw
ri jryhuqdqfh1 Zh qrz wxuq wr h{sorulqj wklv dvshfw ri wkh Vlolfrq Ydooh| prgho1 Wkh
ghvfulswlrq ri prgholqj edfnjurxqg lq wkh qh{w vxevhfwlrq zloo vkrz wkdw wklv dvshfw lv
lq idfw ghhso| lqwhufrqqhfwhg zlwk wkh lqirupdwlrq0v|vwhplf dvshfw ri wkh Vlolfrq Ydooh|
prgho/ zklfk zh dqdo|}hg lq wkh suhylrxv vhfwlrq1
4:714 Ghvfulswlrq ri wkh YF wrxuqdphqw jdph
Dv d edfnjurxqg iru wkh prgho ehorz/ lpdjlqh wkdw wlph frqvlvwv ri dq lqqlwh vhtxhqfh
ri vwdjh jdphv/ hdfk ri zklfk lv sod|hg ryhu irxu gdwhv ehwzhhq yhqwxuh fdslwdolvwv dqg
hqwuhsuhqhxuldo upv1 Wkh yhqwxuh fdslwdolvwv olyh shupdqhqwo|/ frpshwlqj zlwk rqh dq0
rwkhu wr qxuwxuh ydoxdeoh upv/ zkloh hqwuhsuhqhxuldo upv vwduw xs dw wkh ehjlqqlqj ri
gdwh 5 ri d vwdjh jdph dqg h{lw e| wkh hqg ri gdwh 7 hlwkhu e| jrlqj sxeolf/ ehlqj dftxluhg
e| rwkhu upv/ ru ehlqj whuplqdwhg1 Zkhq whuplqdwhg/ dq hqwuhsuhqhxu fdq frph edfn
wr wkh qh{w vwdjh jdph dv d qhz fdqglgdwh iru vwduw0xs upv1 Lq wkh suhvhqw sdshu/ zh gr
qrw h{solflwo| h{soruh wkh uhshdwhg qdwxuh ri wkh jdph/ exw frqfhqwudwh rq wkh dqdo|vlv ri
wkh vlqjoh vwdjh jdph ehwzhhq rqh yhqwxuh fdslwdolvw dqg pxowlsoh vwduw0xs upv1
Dw gdwh 4/ d yhqwxuh fdslwdolvw/ ghqrwhg e| YF khqfhiruwk/ vfuhhqv pdq| U)G surmhfwv
sursrvhg e| fdvk0frqvwudlqhg/ zrxog0eh hqwuhsuhqhxuv dqg vhohfwv vrph ri wkhp iru
vwduw0xs ixqglqj +h{ dqwh prqlwrulqj,1 Khuhdiwhu zh xvh d vwduw0xs up dqg lwv hq0
wuhsuhqhxu dv lqwhufkdqjhdeoh whupv1 Iru vlpsolflw|/ vxssrvh wkhuh duh rqo| wzr w|shv
ri surmhfwv1 Wkh uhvxowv ri wkhvh surmhfwv zloo eh odwhu frpelqhg wr surgxfh d surgxfw
v|vwhp1 Ohw wkh qxpehu ri vhohfwhg hqwuhsuhqhxuv lq hdfk surmhfw eh ghqrwhg e| ?/ zklfk
lv d fkrlfh yduldeoh e| wkh YF1 Wkh vwduw0xs upv duh lqgh{hg e| vxevfulsw / zkhuh
E' @cK ghqrwhv wkh w|sh ri surmhfwv dqg E' c c? lqgh{hv hdfk up lq wkh vdph
surmhfw1
Dw gdwh 5/ hdfk vwduw0xs up ixqghg e| wkh YF lv hqjdjhg lq U)G dfwlylw| h{shqglqj
hruw1 Wkh fkrlfh ri hruw ohyho e| vwduw0xs up  lv ghqrwhg e| e
￿
￿ dqg lwv frvwv e| SEe
￿
￿ 
zlwk wkh xvxdo surshuw| ri lqfuhdvlqj pdujlqdo frvwv1 Wkh dfwxdo ohyhov ri hruw h{shqghg
e| wkh vwduw0xs upv pd| eh lqihuuhg/ exw duh qrw yhuldeoh lq wkh frxuwv/ vr wkdw wkh|
duh qrw frqwudfwleoh1 Wkh U)G hruw ri hqwuhsuhqhxu  jhqhudwhv qrlv| rqh0glphqvlrqdo
lqirupdwlrq 1
￿





￿ / zklfk lv lqfuhdvlqj lq e
￿
￿ 1 Wkh kljkhu wkh hruw ohyho/ wkh kljkhu wkh
suhflvlrq ri wkh hqwuhsuhqhxu*v srvwhulru hvwlpdwhv uhjduglqj wkh hqylurqphqw wkdw lw idfhv1
Wkh {hg dprxqw ri ixqg surylghg wr hdfk hqwuhsuhqhxu e| wkh YF dw wklv gdwh lv ghqrwhg
4;e| g/ zklfk fryhuv rqo| wkh frvw ri surfhvvlqj lqirupdwlrq dw wklv gdwh dqg lv qrw vx!flhqw
iru ixuwkhu surgxfw ghyhorsphqw1
Dw gdwh 6/ frppxqlfdwlrqv ehwzhhq hqwuhsuhqhxuv dqg wkh YF wdnh sodfh1 Zh uh0
jdug wklv surfhvv dv wkh surfhvv ri hqwuhsuhqhxuv dqg wkh YF pxwxdoo| lpsurylqj dqg
dvvlplodwlqj wkhlu hvwlpdwhv ri wkh v|vwhplf hqylurqphqw .
￿ / uhvxowlqj lq wkh dvvlplodwhg
lqirupdwlrq 1
￿ 1 Iru vlpsolflw|*v vdnh/ zh vxssrvh wkdw wkh suhflvlrq ri wkhlu dvvlplodwhg lq0
irupdwlrq lv dq lqfuhdvlqj ixqfwlrq 
￿ E ri wkh YF*v phgldwlqj hruw ohyho e
￿
￿
￿ 1 Wkh frvwv




wkh xvxdo surshuw| ri lqfuhdvlqj pdujlqdo frvwv1 Wkhq hdfk hqwuhsuhqhxu irupxodwhv wkhlu





Dw wkh ehjlqqlqj ri gdwh 7/ wkh YF hvwlpdwhv zklfk frpelqdwlrq ri d prgxodu surgxfw
ghvljq iurp hdfk w|sh ri surmhfw lv h{shfwhg wr jhqhudwh kljkhu ydoxh/ li wkh uhvshfwlyh upv
duh rhuhg wr wkh sxeolf/ ru dftxluhg e| dq h{lvwlqj up1 Dffruglqj wr wklv mxgjhphqw/
wkh YF vhohfwv rqh sursrvdo iurp hdfk w|sh ri surmhfw iru lpsohphqwdwlrq dqg doorfdwhv
rqh xqlw ri dydlodeoh ixqgv wr hdfk ri wkhp1 Wkh upv wkdw duh qrw vhohfwhg h{lw1
Dw wkh hqg ri gdwh 7/ wkh vhohfwhg surmhfwv duh frpsohwhg dqg wkh YF rhuv wkh
rzqhuvkls ri wkhvh upv wr wkh sxeolf wkurxjk pdunhwv ru vhoov lw wr dq dftxlulqj up1
Dw wkdw wlph/ doo wkh hqylurqphqwdo xqfhuwdlqw| lv uhvroyhg dqg wkh ydoxh T lv glvwulexwhg
dprqj wkh YF dqg wkh hqwuhsuhqxuv1 Vxssrvh wkdw wkh lqlwldo frqwudfw lv vxfk wkdw dw
wkh wlph zkhq zlqqhuv duh vhohfwhg/ d vkduh k
￿ lv yhvwhg zlwk wkh zlqqlqj hqwuhsuhqhxu
lq surmhfw + ' @cK, dqg wkh xqixqghg hqwuhsuhqhxu iruihlwv dq| vkduh1 Ohw xv ghqrwh wkh






￿ 1 Wkh sd|r wr wkh zlqqlqj
up  lq surmhfw  lv wkhq k
￿ T  SEe
￿
￿  dqg wkdw ri wkh YF lv k
￿
￿
￿ T  VEe
￿
￿
￿   ?g1
715 Lqfhqwlyh Lpsdfwv ri Jryhuqdqfh e| Wrxuqdphqw
Dv kdv ehhq vkrzq lq wkh suhylrxv vhfwlrq/ wkh vhfrqg0ehvw ghflvlrq uxohv iru wkh YF dqg

















4<Wkhq wkh h{shfwhg ydoxh lv dq dgglwlyho| vhsdudeoh ixqfwlrq lq wkh hruw ohyhov e| wkh YF
dqg wkh zlqqlqj hqwuhsuhqxuv lq erwk w|shv ri surmhfwv1 Vlqfh wkh zlqqlqj hqwuhsuhqhxuv
uhfhlyh d {hg vkduh ri wkh ydoxh dqg wkh h{shfwhg ydoxh lv vhsdudeoh/ wkh lqfhqwlyh hhfw
rq wkh hqwuhsuhqhxuv ri wkh YF wrxuqdphqw jdph fdq eh h{dplqhg e| frqvlghulqj rqo|
wkh wrxuqdphqw jdph zlwklq hdfk surmhfw/ wr zklfk zh qrz wxuq1
Vlqfh zh fdq qrz uhvwulfw rxu dwwhqwlrq wr d wrxuqdphqw zlwklq d {hg surmhfw/ zh
khqfhiruwk vxssuhvv vxevfulsw 1 Wkhuh duh ? vwduw0xs upv vhohfwhg lq wklv surmhfw1 Wkxv
ohw e
￿  f eh wkh hruw ohyho h{shqghg e| wkh 0wk hqwuhsuhqhxu lq wkh surmhfw + '
c c?, dqg SEe
￿  eh lwv dvvrfldwhg frvw ixqfwlrq1 Lq rughu wr dvvxuh wkdw d xqltxh lqwhulru




E4 ' 41 Iru
vlpsolflw|*v vdnh/ zh ixuwkhu dvvxph wkdw wkh srwhqwldo ydoxh fuhdwhg e| dq hqwuhsuhqhxu




￿ / zkhuh }Ee
￿ cq lv wkh h{shfwhg ydoxh zkhq
dq hqwuhsuhqhxu h{shqgv hruw ohyho e
￿ 1 Zh dvvxph wkdw Y}*Ye




￿ Yq : f1 Dv q lqfuhdvhv/ wkh pdujlqdo ydoxh zlwk uhvshfw wr e
￿ lqfuhdvhv1 Wkxv
q pd| eh uhjdughg dv d sdudphwhu h{suhvvlqj wkh surwdelolw| ri wkh surmhfw1 "
￿ lv wkh
udqgrpqhvv lqyroyhg lq wkh U)G dfwlylw|1 Zh dvvxph "
￿  Efcj
￿
 iru doo  dqg l1l1g1 Dw
wkh ehjlqqlqj ri gdwh 7/ wkh YF revhuyhv hruw ohyhov e| hqwuhsuhqhxuv zlwk vrph huuru/


















￿  iru doo  dqg l1l1g1 Wkh uhvxowdqw ydoxh fuhdwhg
lq wkh surmhfw lv wkxv +
￿
￿








￿ j1 Ohw wkh vkduh ri wkh zlqqlqj
hqwuhsuhqhxu eh k 5 Efc1
Vxpplqj xs/ wkh jdph surfhhgv dv iroorzv1 Wkh YF fkrrvhv wkh qxpehu ri vwduw0
xs upv lq wklv surmhfw/ ?/ dqg vhohfw hqwuhsuhqhxuv e| vfuhhqlqj/ zkr wkhq fkrrvhv wkhlu
hruw ohyhov1 Xqfhuwdlqw| derxw U)G dfwlylwlhv xqirogv dqg wkh YF ghwhuplqhv wkh zlqqhu/
revhuylqj hdfk hqwuhsuhqhxu*v hruw ohyhov zlwk vrph qrlvh1 Ilqdoo| wkh zlqqhu uhfhlyhv
vkduh k ri wkh uhdol}hg ydoxh1
Vlqfh wkh vlwxdwlrq hdfk hqwuhsuhqhxu idfhv lv wkh vdph/ zh uhvwulfw rxu dwwhqwlrq wr
wkh v|pphwulf Qdvk htxloleulxp ri wklv jdph1 Ohw e
￿
eh wkh htxloleulxp ohyho ri hruw1





















































￿ lv wkh pd{lpxp rughu vwdwlf




￿ e| s dqg

























￿ E  8Ee
￿
 e






E| glhuhqwldwlqj zlwk uhvshfw wr e







￿ E  8Ee
￿
 e



















































Wkh uvw whup lq wkh sduhqwkhvhv rq wkh ohiw kdqg vlgh lv wkh h{shfwhg sd|r wlphv wkh
pdujlqdo lqfuhdvh lq wkh suredelolw| ri zlqqlqj/ dqg wkh vhfrqg whup lv wkh pdujlqdo sd|r
wlphv wkh suredelolw| ri zlqqlqj/ zklfk wxuqv rxw wr eh *?1 Wkh qh{w sursrvlwlrq vkrxog
eh lqwxlwlyho| reylrxv1
Sursrvlwlrq 6 Frqvlghu wkh vxejdph lq zklfk hqwuhsuhqhxuv fkrrvh wkhlu hruw ohyhov1
Dv wkh qxpehu ri vhohfwhg hqwuhsuhqhxuv lqfuhdvhv/ wkh htxloleulxp hruw ohyho ghfuhdvhv lq
d v|pphwulf Qdvk htxloleulxp1 Dq lqfuhdvh lq wkh yduldqfh ri wkh YF*v revhuydwlrq huuru
dhfwv wkh lqfhqwlyhv ri hqwuhsuhqhxuv dgyhuvho|/ zkloh dq lqfuhdvh lq surwdelolw| ri wkh




: f/ iru wkh uvw dqg vhfrqg sduwv/ lw vx!fhv wr vkrz wkdw wkh
frh!flhqwv dsshdulqj lq wkh sduhqwkhvhv lq wkh Qdvk htxloleulxp frqglwlrq duh












































































dqg dovr ghfuhdvlqj lq ?1 Ohw xv ghqrwh wkh sgi dqg fgi ri wkh vwdqgdug qrupdo

















zklfk lv ghfuhdvlqj lq j
￿
￿
￿ 1 Ilqdoo| revhuyh wkdw wkh ohiw kdqg vlgh ri wkh Qdvk
htxloleulxp frqglwlrq lv reylrxvo| lqfuhdvlqj lq q1
Qrwh wkdw zkhq wkhuh lv rqo| rqh hqwuhsuhqhxu lq wkh surmhfw/ wkh hruw ohyho kh















Ee1 Nhhslqj wkh rwkhu sdudphwhuv frqvwdqw/ zh












































￿ 1 Wklv lv suredeoh zkhq j
￿
￿
￿ lv vpdoo dqg ? lv odujh1
Qrz zh duh lq d srvlwlrq wr wxuq wr wkh YF*v sureohp ri fkrrvlqj wkh rswlpdo qxpehu
ri wrxuqdphqw sduwlflsdqwv1 Dv lv fohdu iurp wkh glvfxvvlrq wkxv idu/ wkh h{shfwhg sd|r



























zkhuh g lv wkh frvwv ri vwduw0xs qdqflqj1 }Ee
￿
E?cq lv ghfuhdvlqj lq ?/ ehfdxvh wkh
deryh sursrvlwlrq vkrzhg e
￿
lv ghfuhdvlqj lq ? dqg }Ecq lv lqfuhdvlqj1 Wkh vhfrqg
55whup lq wkh sduhqwkhvhv lv wkh hhfwv ri uxqqlqj ? h{shulphqwdwlrq lq sdudooho/ zklfk lv
pdwkhpdwlfdoo| wkh h{shfwhg ydoxh ri wkh pd{lpxp rughu vwdwlvwlf ri d vdpsoh ri vl}h ?
dqg zloo eh suryhq wr eh lqfuhdvlqj lq ?1 Wkxv zh kdyh
Sursrvlwlrq 7 Frqvlghu wkh YF*v sureohp ri fkrrvlqj rswlpdo qxpehu ri wkh wrxuqd0
phqw sduwlflsdqwv1 Wkhuh lv d wudgh0r ehwzhhq lqfuhdvlqj wkh qxpehu ri sduwlflsdqwv dqg
wkh lqfhqwlyh ri hdfk sduwlflsdqw1 Ixuwkhupruh/ wkh rswlpdo qxpehu ri sduwlflsdqwv lv lq0
fuhdvlqj lq wkh yduldqfh ri udqgrpqhvv lqyroyhg lq wkh U)G dfwlylwlhv dqg ghfuhdvlqj lq
wkh wkh frvw ri vwduw0xs qdqflqj1













































































































E  8E%_% n ?UE?    E?  UE?
E| vruwlqj wkh whupv dqg glylglqj erwk vlghv e| ?/ zh kdyh
















￿ _% : UE?  
Wkh remhfwlyh ixqfwlrq reylrxvo| kdv lqfuhdvlqj glhuhqfhv lq E?cEjcqcg/ zklfk
frpsohwhv wkh surri1
Wkh prgho ghyhorshg deryh fdq eh uhjdughg dv dq h{whqvlrq ri wkh YF wrxuqdphqw
prgho lq Drnl +5334,/ dv zhoo dv ri wkh prgho ri vxevwlwxwlrq rshudwru e| Edogzlq
dqg Fodun +5333,1 Lq wkh iruphu/ wkh qxpehu ri hqwuhsuhqhxuv lq hdfk U)G surmhfw lv
56{hg dw wzr/ zkloh wkh odwwhu prgho devwudfwv iurp wkh hhfwv ri lqfuhdvlqj wkh qxpehu ri
frpshwlwruv rq hqwhusuhqhxuv* lqfhqwlyhv1
￿
￿
Wkh uhvxowv vkrzq deryh vxjjhvw wkdw lqfhqwlyh
frqvlghudwlrq fdq olplw wkh hhfwlyhqhvv ri wkh vxevwlwxwlrq rshudwru vxevwdqwldoo|1 Wkh
deryh uhvxow dovr vkrzv wkdw wkhuh zloo eh pruh vwduw0xs upv hqjdjhg lq wkh vdph prgxodu
surgxfwv zkhq wkh vwduw0xs qdqflqj frvw lv vpdoo/ dqg wkh rxwfrph ri wkh U)G dfwlylw|
lv kljko| xqfhuwdlq dqg kdv wkh srvvlelolw| ri ehlqj yhu| surwdeoh1 Zh pd| lqwhusuhw
wkdw wkh grw1frp exeeoh dqg fudvk zhuh fdxvhg e| wkh huurqhrxv h{shfwdwlrq uhjduglqj
vxfk phdvxuh ri surwdelolw|1 Zh pd| dovr srlqw rxw wkdw wkh qxpehu ri hqwudqwv lv odujh
zkhuhyhu wkh vwduw0xs frvw lv orz dqg wkh exvlqhvv fdq eh yhu| surwdeoh1
8 Frqfoxvlrq
Lq wklv sdshu/ zh dujxhg wkdw d qryho lqvwlwxwlrqdo duudqjhphqw iru wkh surgxfw v|vwhp
lqqrydwlrq kdv hphujhg lq Vlolfrq Ydooh|/ dqg wulhg wr fdswxuh lwv lqqrydwlyh qdwxuh e|
wkh Vlolfrq Ydooh| prgho1 Zh vdlg wkdw lw lv fuxfldo wr wdnh d orrn dw pxowlidfhwhg
uhodwlrqvklsv ehwzhhq yhqwxuh fdslwdolvwv rq wkh rqh kdqg/ dqg d foxvwhu ri hqwuhsuhqhxuldo
upv rq wkh rwkhu1 Wkdw ohg xv wr irfxv rq wkh lqirupdwlrq vwuxfwxudo uhodwlrqvkls dv zhoo
dv jryhuqdqfh uhodwlrqvklsv ehwzhhq wkhp1
Wkh dqdo|vlv vkrzhg wkdw dssolfdwlrq ri wkh Vlolfrq Ydooh| prgho pd| eh olplwhg wr
grpdlqv lq zklfk d surgxfw v|vwhp ghvljq fdq eh sduwlwlrqhg lqwr prgxodu surgxfwv e|
vwdqgdugl}hg lqwhuidfhv/ wkxv wkh whfkqrorjlfdo frpsohphqwdulw| ehwzhhq wkhp lv uhgxfhg>
vxffhvvixo ghyhorsphqwdo surmhfwv duh h{shfwhg wr |lhog h{wuhpho| kljk ydoxhv lq pdunhwv>
wkhuh duh yhqwxuh fdslwdolvwv zkr duh deoh lq prqlwrulqj1
Rq wkh rwkhu kdqg/ wkh lghqwlfdwlrq ri frqglwlrqv iru wkh lqirupdwlrqdo h!flhqf| ri
lqirupdwlrq hqfdsvxodwlrq pd| kdyh eurdghu lpsolfdwlrqv iru frusrudwh rujdql}dwlrqv lq
jhqhudo1 Ehfdxvh ri wkh ghyhorsphqw ri frppxqlfdwlrqv dqg wudqvsruwdwlrq whfkqrorj|/
hyhq pdwxuh surgxfwv +h1j1 ghvnwrs frpsxwhuv/ dxwrprelohv, duh lqfuhdvlqjo| ghfrpsrvhg
lqwr prgxohv/ ri zklfk surgxfwlrq dqg surfxuhphqw ehfrph ohvv lqwhjudwhg lq frpsdu0
lvrq wr wudglwlrqdo klhudufklfdo upv +dv uhsuhvhqwhg e| wudglwlrqdo Dphulfdq upv ri d
57ghfdgh djr, ru lqwhudfwlyh upv +dv uhsuhvhqwhg e| Mdsdqhvh upv,1 Wklv whqghqf| uhqghuv
frpsdfw prgxodu rujdql}dwlrqv +hlwkhu lq wkh irup ri lqghshqghqw upv ru vxevlgldulhv,
lqfuhdvlqjo| pruh h!flhqw dqg yldeoh1 Ydulrxv lqqrydwlrqv lq frusrudwh jryhuqdqfh dsshdu
wr eh hyroylqj hyhq lq h{lvwlqj upv/ vrphzkdw hpxodwlqj wkh Vlolfrq Ydooh| prgho/ vxfk
dv jryhuqlqj vxevlgldulhv zlwk  h{leoh frxsolqj dqg ghfrxsolqj/ ohvv rshudwlrqdo lqwhuyhq0
wlrq/ exw zlwk wrxuqdphqw0olnh qdqfldo glvflsolqh/ zklfk zloo eh wkh vxemhfw ri dqrwkhu
sdshu1
58Dsshqgl{
Zh uvw surylgh wkh vhfrqg0ehvw ghflvlrq uxohv dqg h{shfwhg sd|r iru hdfk w|sh ri
U)G rujdql}dwlrq1 Wkh vhfrqg0ehvw ghflvlrq uxohv lv olqhdu lq wkh slhfhv ri lqirupdwlrq
dydlodeoh dv lv vkrzq e| Pduvfkdn dqg Udgqhu +4<:5/ s149;,1 Wklv hqdeoh xv/ vd| lq wkh















￿  n b
￿ E
￿ n "
￿ E ' @cK dqg wkhq vroyh iru hdfk frh!flhqw1 Wkh ghulydwlrq phwkrg
lv wkh vdph dfurvv wkh iroorzlqj w|shv ri rujdql}dwlrq1


































































































































































































































E| vxevwlwxwlrq/ wkh pd{lpl}hg h{shfwhg sd|r lv







































































































￿ E ' @cK
E| vxevwlwxwlrq/ wkh pd{lpl}hg h{shfwhg sd|r lv



































￿ E ' @cK duh doo htxdo dfurvv w|shv



















revhuyh wkdw wkh rqo| glhuhqfh lq wkh pd{lpl}hg h{shfwhg sd|r ehwzhhq klhudufklfdo
U)G rujdql}dwlrq dqg Lqwhudfwlyh Rujdql}dwlrq olhv lq wkh frh!flhqw ri 
￿

















￿ lv ghfuhdvlqj lq g dqg 
￿
￿ lv ohvv wkdq 4/ wkh frh!flhqw lq wkh pd{lpl}hg
h{shfwhg sd|r iru wkh klhudufklfdo U)G rujdql}dwlrq lv ohvv wkdq wkdw iru wkh lqwhudfwlyh
5:U)G rujdql}dwlrq1 Wklv hvwdeolvkhv wkh vhfrqg kdoi ri wkh vwdwhphqw ri sursrvlwlrq 41 Qrz
lw vx!fhv wr pdnh frpsdulvlrq ehwzhhq lqwhudfwlyh U)G rujdql}dwlrq dqg Y0phgldwhg
lqirupdwlrq hqfdsvxodwlrq1
Lq wklv frpsdulvrq/ wkh rqo| glhuhqfh olhv lq wkh frh!flhqw ri 
￿








li dqg rqo| li
g  u : f
Wklv frpsohwhv wkh surri1
Surri ri Sursrvlwlrq 5 Ohwwlqj wkh pd{lpl}hg h{shfwhg sd|r iru Y0phgldwhg lqiru0
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￿ / wkh deryh lqhtxdolw| krogv iru
vx!flhqwo| odujh j







Drnl/ Pdvdklnr1 Wrzdugv D Frpsdudwlyh Lqvwlwxwlrqdo Dqdo|vlv1 Fdpeulgjh/ PD= PLW
Suhvv/ 53341
Drnl/ Pdvdklnr/ dqg Urvhqehuj/ Qdwkdq/ Wkh Mdsdqhvh Ilup dv dq Lqqrydwlqj
Lqvwlwxwlrq1 lq Wdndvkl Vkludlvkl dqg Vkljhwr Wvxux/ Hgv1/ Hfrqrplf Lqvwlwxwlrqv lq d
G|qdplf Vrflhw|/ ss146:04871 Qhz \run= Pdfploodq/ 4<;<1
Edogzlq/ Fduolvv \1/ dqg Fodun/ Nlp E1 Ghvljq Uxohv 0 yro14= Wkh Srzhu ri Prgxodulw|1
Fdpeulgjh/ PD= PLW Suhvv/ 53331
5;Edogzlq/ Fduolvv \1/ dqg Fodun/ Nlp E/ Prgxodulw| diwhu wkh Fudvk1 lq Udjkx Jduxg/
Duxq Nxpdudvzdp|/ dqg Ulfkdug Odqjorlv/ Hgv1/ Pdqdjlqj wkh Prgxodu Djh=
Dufklwhfwxuhv/ Qhwzrunv dqg Rujdql}dwlrqv/ R{irug/ XN= Eodfnzhoo Sxeolvkhuv/ 5334
+iruwkfrplqj,1
Fuhphu/ Mdftxhv/ Frpprq Nqrzohgjh dqg wkh Fr0ruglqdwlrq ri Hfrqrplf Dfwlylwlhv1
lq Pdvdklnr Drnl/ dqg Er Jxvwdivvrq/ dqg Rolyhu H1 Zlooldpvrq/ Hgv1/ Wkh Ilup dv d
Qh{xv ri Wuhdwlhv/ ss1860:91 Orqgrq= Vdjh Sxeolfdwlrqv/ 4<<31
Ihqq/ Jhrujh Z1/ Oldqj/ Qhoolh dqg Surzvh/ Vwhskhq/ Wkh Hfrqrplfv ri wkh Sulydwh
Htxlw| Pdunhw/ Vwd Vwxglhv Qr1 49;1 Erdug ri Jryhuqruv ri wkh Ihghudo Uhvhuyh
V|vwhp/ 4<<81
Jdodperv/ Mdqrv Rughu Vwdwlvwlfv1 lq S1U1 Nulvkqdldk dqg S1N1 Vhq/ Hgv1/ Kdqgerrn
ri Vwdwlvwlfv 7= Qrqsdudphwulf Phwkrgv/ ss168<06;51 Dpvwhugdp= Qruwk0Kroodqg/ 4<;71
Jrpshuv/ Sdxo D1 dqg Ohuqhu/ Mrvk Wkh Xvh ri Fryhqdqwv= Dq Hpslulfdo Dqdo|vlv ri
Yhqwxuh Sduwqhuvkls Djuhhphqwv1 M1 Odz Hfrq1 6</ 5=7960<;/ Rfwrehu 4<<91
Jrupdq/ Plfkdho/ dqg Vdkopdq/ Zlooldp D1/ Zkdw Gr Yhqwxuh Fdslwdolvwv GrB M1
Exv1 Yhqwxulqj/ 7/ 56407;/ Mxqh 4<;<1
Jurvvpdq/ Vdqirug M1/ dqg Kduw/ Rolyhu/ Wkh Frvwv dqg Ehqhwv ri Rzqhuvkls= D
Wkhru| ri Yhuwlfdo dqg Odwhudo Lqwhjudwlrq1 M1 Srolw1 Hfrqrp| <7/ 9<40:4</ 4<;91
Kduw/ Rolyhu/ dqg Prruh/ Mrkq/ Surshuw| Uljkwv dqg wkh Qdwxuh ri wkh Ilup1 M1 Srolw1
Hfrqrp| <;/ 444<0448;/ 4<<31
Khoopdqq/ Wkrpdv I1/ V|pdqwhf Frusrudwlrq= Dftxlulqj Hqwuhsuhqhxuldo Frpsdqlhv/
Whdfklqj Qrwh V0VP05:1 Vwdqirug= Vwdqirug Exvlqhvv Vfkrro1 Qry1 4<<;1
Nohlq/ Vwhskhq/ dqg Urvhqehuj/ Qdwkdq/ Dq Ryhuylhz ri Lqqrydwlrq1 lq Udosk
Odqgdx/ dqg Qdwkdq Urvhqehuj/ Hgv1/ Wkh Srvlwlyh Vxp Vwudwhj|= Kduqhvvlqj
Whfkqrorj| iru Hfrqrplf Jurzwk/ ss15:806391 Zdvklqjwrq/ G1F1= Qdwlrqdo Dfdghplf
Suhvv/ 4<;91
5<Ohuqhu/ Mrvk/ Wkh V|qglfdwlrq ri Yhqwxuh Fdslwdo Lqyhvwphqwv1 Ilqdq1 Pdqdjh1 56/
4905:/ Dxwxpq/ 4<<71
Pduvfkdn/ Mdfre/ dqg Udgqhu/ Ur|/ Hfrqrplf Wkhru| ri Whdpv1 Qhz Kdyhq/ FW= \doh
Xqlyhuvlw| Suhvv/ 4<:51
Udmdq/ Udjkxudp J1/ dqg ]lqjdohv/ Oxljl/ Srzhu lq d Wkhru| ri wkh Ilup1 Txduw1 M1
Hfrq1 446/ 5=6;:0765/ 4<<;1
Vdkopdq/ Zlooldp D1/ Wkh Vwuxfwxuh dqg Jryhuqdqfh ri Yhqwxuh Fdslwdolvw
Rujdql}dwlrqv1 M1 Ilqdq1 Hfrq1 5:/ 7:60854/ 4<<31
Vd{hqldq/ Dqqdohh1 Uhjlrqdo Dgydqwdjh= Fxowxuh dqg Frpshwlwlrq lq Vlolfrq Ydooh| dqg
Urxwh 45;1 Fdpeulgjh/ PD= Kduydug Xqlyhuvlw| Suhvv/ 4<<71
63Irrwqrwhv
41 Dfnqrzohgjhphqw
51 Udmdq dqg ]lqjdohv +4<<;, lv dq dwwhpsw wr jhqhudol}h wkh edvlf prgho ri surshuw|
uljkwv dssurdfk1 Wkh| srlqw rxw wkdw wkh ruljlqdo surshuw| uljkwv prghov sxw wrr
pxfk dqg h{foxvlyh hpskdvlv rq wkh rzqhuvkls ri sk|vlfdo dvvhwv dv d vrxufh ri
srzhu1 Wkh| dvvhuw wkdw srzhu fdq frph iurp doorfdwlrq ri dffhvv wr ydulrxv nlqgv
ri fulwlfdo uhvrxufhv/ vxfk dv vshfldol}hg pdfklqhu|/ jrrg lghdv/ dqg wdohqwhg shuvrqv1
61 D vlplodu dujxphqw lv irxqg lq Edogzlq dqg Fodun +5333,/ zklfk xvhv GVP+ghvljq
vwuxfwxuh pdwul{, dqg WVP+wdvn vwuxfwxuh pdwul{, wr ghvfuleh ghshqghqflhv
dprqj ghvljq sdudphwhuv dqg ghvljq wdvnv uhvshfwlyho|1 Wkh| ghqh prgxodu0
l}dwlrq +lq ghvljq, dv udwlrqdol}dwlrq lq wkh ghvljqlqj surfhvv ri d frpsoh{ surgxfw
v|vwhp1 Wkh lqirupdwlrq vwuxfwxuh lv vdlg wr ehfrph klhudufklfdo e| prgxodul}d0
wlrq1 Ghvljq uxohv duh dw wkh wrs ri wkh wuhh/ ylvleoh e| prvw ri wkh wdvn xqlwv
hqjdjhg lq uhvshfwlyh frpsrqhqw ghvljqv> lqwhuidfhv duh lq wkh plggoh ri wkh wuhh
dqg ylvleoh e| ghvljq wdvn xqlwv zkr qhhg wr nqrz wkhp1 Dw wkh edvh ri wkh wuhh/
wkhuh lv lqirupdwlrq wkdw lv klgghq zlwklq hdfk wdvn xqlw1
71 Wklv sd|r ixqfwlrq pd| eh wkrxjkw ri dv d vhfrqg0rughu Wd|oru vhulhv dssur{lpd0
wlrq ri d jhqhudo sd|r ixqfwlrq durxqg wkh rswlpdo ydoxhv ri % dqg +
￿ *v zlwk uhvshfw
wr wkh sulru glvwulexwlrq ri wkh vwrfkdvwlf sdudphwhuv1 Zh dovr qrupdol}h wkh sd|r
vr wkdw wkh h{shfwhg sd|r lv }hur zkhq wkhuh lv qr h{ srvw lqirupdwlrq rwkhu wkdq
wkh sulruv1
81 Qdpho| lwv Khvvldq pdwul{ lv qhjdwlyh ghqlwh1
91 Wklv sursrvlwlrq fdq eh vhhq dv dq h{whqvlrq ri d wkhruhp gxh wr Fuhphu +4<<3,1 Lq
wkh klhudufklfdo U)G rujdql}dwlrq/ wkh frppxqlfdwlrq lv rqh0gluhfwlrqdo dqg wkxv
lqyroyhv frppxqlfdwlrq huuruv/ zkloh lq wkh lqwhudfwlyh U)G rujdql}dwlrq lqirupd0
wlrq lv frpsohwho| vkduhg1 Wklv lv wkh uhdvrq zk| wkh lqwhudfwlyh U)G rujdql}dwlrq
64lv lqirupdwlrqdoo| pruh h!flhqw wkdq wkh klhudufklfdo U)G rujdql}dwlrq1 Frqvlg0
hulqj wkh frvw vdyhg e| rqh0gluhfwlrqdo frppxqlfdwlrq zrxog fkdqjh wkh uhvxow1
Krzhyhu zh zloo qrw eh frqfhuqhg derxw wkh frpsdulvrq ehwzhhq wkh lqwhudfwlyh
U)G rujdql}dwlrq dqg wkh klhudufklfdo U)G rujdql}dwlrq khuhdiwhu1
:1 Edogzlq dqg Fodun +5333, uhjdug prgxodul}dwlrq0lq0ghvljq dv udwlrqdol}dwlrq lq
wkh surfhvv ri ghvljqlqj d frpsoh{ surgxfw v|vwhp1 Zkhq wkh| ghprqvwudwh krz
wr prgxodul}h d surgxfw ghvljq e| xvlqj Ghvljq Vwuxfwxuh Pdwul{/ prgxodul}dwlrq
lv sulpdulo| wr frqwulyh dq lghdo klhudufklfdo lqirupdwlrq v|vwhp zlwklq wkh zkroh
ghvljq surfhvv1 Rqfh wklv lv grqh/ ru dw wkh vdph wlph wklv lv grqh/ rwkhu dvshfwv
ri prgxodul}dwlrq/ vxfk dv uhgxfhg frpsohphqwdulw| ehwzhhq glhuhqw ghvljq wdvnv/
lqirupdwlrq hqfdsvxodwlrq hwf1/ duh vxssrvhg wr frph wrjhwkhu lpphgldwho|1 Lq wklv
vhqvh/ rxu dssurdfk lv pruh dqdo|wlfdo1 Lw pd| dovr eh vdlg wkdw zh duh ghulylqj d
vhfrqg0ehvw rujdql}dwlrqdo duudqjhphqw zlwk whfkqrorjlfdo sdudphwhuv jlyhq1 Vxfk
d glhuhqfh lq wkh dssurdfk pd| pdnh vrphzkdw vxewoh glhuhqfh ehwzhhq rxu dujx0
phqw dqg wkhluv1 Dffruglqj wr rxu dqdo|vlv/ wkh sudfwlfh ri Y0phgldwhg lqirupdwlrq
hqfdsvxodwlrq lv qrw uhdol}deoh li wkhuh lv lqglvshqvdeoh frpsohphqwdulw| ehwzhhq
surmhfw whdpv ru v|vwhplf hqylurqphqw lv qhfhvvdulo| yhu| lpsruwdqw1 Vrph vruw ri
surgxfw v|vwhp pd| qrw eh prgxodul}hg ehfdxvh ri vxfk gl!fxowlhv1
;1 Zh devwudfw iurp wkh v|vwhplf vhjphqw ri wkh hqjlqhhulqj hqylurqphqw .
￿ / ehfdxvh
lw fdq eh wkrxjkw ri dv uhodwlyho| xqlpsruwdqw +lwv yduldqfh lv orz, zkhuh wkh Vlolfrq
Ydooh| prgho lv dssolhg1 Vhh sursrvlwlrq 5 dqg wkh vxevhtxhqw dujxphqw1
<1 Pruh vshflfdoo|/ devwudfwlqj iurp .








































lq wkh Y0phgldwhg lqirupdwlrq hqfdsvxodwlrq1 Wkh uhvxowdqw h{shfwhg surw zkhq






































431 Lw pd| dsshdu wr eh pruh qdwxudo wr dvvxph wkdw wkh YF revhuyhv wkh srwhqwldo ydoxh
65udwkhu wkdq wkh hruw ohyhov e| hqwuhsuhqhxuv1 Krzhyhu wkh txdolwdwlyh surshuwlhv gr
qrw fkdqjh hyhq li zh dgrsw vxfk d prgholqj vwudwhj|1 Ixuwkhupruh/ wkh glvwlqfwlrq
ehwzhhq wkh hhfwv fdxvhg e| j dqg j
￿
￿
￿ zloo ehfrph gl!fxow wr pdnh lq vxfk d
prgho1
441 Lq wkh prgho ri Edogzlq dqg Fodun +5333,/ wkh uhvxow ri U)G dfwlylw| lq wkh fxuuhqw
shulrg lv dgrswhg li lw wxuqv rxw wr eh vxshulru wr wkh rog rqh1 Qdpho| wkh| uhjdug wkh
uhvxow ri U)G dfwlylwlhv lq prgxodu ghvljqv dv uhdo rswlrqv1 Wkh| vxjjhvw wkdw wkh
pruh wkh qxpehu ri sdudooho h{shulphqwv/ wkh pruh wkh ydoxh ri uhdo rswlrqv/ zklfk
wkh| qdph wkh ydoxh ri vxevwlwxwlrq1 Dowkrxjk rxu prgho grhv qrw h{solflwo|
prgho wkh ydoxh ri YF wrxuqdphqw dv uhdo rswlrqv/ wkh vdph lqfuhdvlqj surshuw|
fdq eh rewdlqhg1 Qdpho| lqfuhdvlqj wkh qxpehu ri hqwuhsuhqhxuv kdv wkh hhfw ri
prxqwlqj pruh h{shulphqwv sdudoohoo|1
66